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ABSTRACT

Twelve groups of six 8s each served in an experiment on target identifi-
cation. The groups cormespuades 0 the csllz of = 2 » L factoriel desion
bhaving 1 to 4 bits of relevaut information ara O to 2 bits of irreclevant in-
formation, pressnted to £ by 2 single stirmlus scwrce. The S's task was to
identify oscilloscope patterns by positioning four le: ver-action switchaes
and testing his ldentification by pressing a push-button. The response
recsurs was the time required to identify 3= consecutive patterns. Errors
vere 8180 recorded but t-bov d4i2 not vary as a functior o' any parameter ex-
cent practice. The major findings were (a) time to respond increases as a
linear function of relevaat informeiion lcad, Lut i) w=z in2cperdeat of

s AEN fE=E
amount of irreievant ionformavioun. ese results wera rcleted 4o nrevious
gstudies and dirferences considereq.
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INTRODUCTICH

Mach of behavior is directez by the information an orzaziem receives.
Quite often more information is received iban can be eoffectively used either
hecsuge the organism cannot assimilate all of the relevant informstion or
because some of it is irrelevant to the orgenism's Lehavior. In a simple
exanple, a traffic sign bearing the word i""1"0P" transmits e certain amount

of information which 1s velevant to the behavior of an automebile driver.

The S.'Lz.&: .(ﬂtfl!'; oriv“aht‘n‘ess) logaticn oot ovan SEE-IIG are lrrelevant. Ex-

c2pt for their constancy ard consequent redundancy these last named atiri-
butes of ibe sign dc not increase Lhe presenied information altbough they
ray incresse the amcunt transmitied. ¥Vhen redundant, irrelevant information
may increase information transmission, but when not redundant, information
transmission wiil ot be increaszsd and may even be degraded. A study by
Miller (4) which compareu simple and complex conditional stimuli suggests
thet redundancy mey increase information transmission even in a vziatively
simple comwunicative event, More conditioning occurred with two condition-

ai stimuii than with either e2lcms. TFrou simpie aiscrimination probtiems to
conoﬁpt formation 1’.8_.5‘0(_5; one af the ;v‘lmow:’v reeds o0f € 42 &o —e

=2 A8 W .Lucu.,-.s.y the
relevant information provided by the stimulus. The amounts of relevant
aod irrelevant iuformetion in z stimidus may vary indevendently of each
other &nd task complexity is a function of amount of either or both types
4
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In a eimple discrimivation problem, Gregg (3 has shown that reaction
time to visuzl stimuli incremcer sa omamunt of irrelsvent {nfermation in-

creaszs. In his study, Ss were required te move & joy stick sither left
JYJ

or right deﬂending upon the position, size, or birightnecs of a singis dot

on ¢ Garx iiela. Reaction time was linger as the irrelevant information
was increased.

Ir = slightly more cocmplex task, Acrcher and Bourne {1) have found that
time to solution of a concept formation problem increased as amount of irre-
levant informetion increased. In this case, hewever, it may be suspected
that S would attempt to incorporate tae irrelevant informetion into hy-
n~=~—=a= ehont the proper solution of the lask and thereby be deiayed since,
by definition, irrelevant information couid not enter intc the correct so-
lution oY the concepts.

In Gregg’s study, S had but one respcnse to make and this was to one
bit of relievant information. The effect of increasing amounts of irrelevant
information was non-lisear because of the facuur of stimulus-reszzase
compatibility.

In the Arcter-Bourne study the eTfect ¢f irrelevant information was
non-linear sincz $ did not know what information was irrelevant until tested,
and for sach additicnal bit of irrelevsnt infermatisn added the number of
neceﬁsar" tesis douoled. It is conceivable, and in fact likely in view of

regg's results, that irrelevant informavion may slow down S without actually
being tested in a nypothesis. Furthermore, it is pcesible That there would
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be an interaction vetween amount of reilevant and irrelevant lznformatio
Two predictione vhich might te mude ars that the amount of 1rr°1evant 1nmor~
mntion not only increases reaction time but will show &n even greater eftect

as the amount of relevant information incresses.

The present study was aesigued to test these hypotheses. Es saw paiterns
on an oscllloscope screen end classified t! 'se on four dimensions. Some di-
pensions wvere consiaut aoda contributed no information. Other dimensions varied
betwveen two leveis, rancomly snd equally often. Wken ons of the four classi-
fying switches corresponded to this varisble gtiwuius the informetion was ro-
levant. When a switch was not availeble the information was irselevant. The
primary response measure waas total time in minutes to classify the 32 patterns.

PROCEDURF.
Subjects. Seveniy-iwo pail mele students at the University of Wiscconsin
szrved in this study. Each S was assigned randomly to one o‘ 12 conditions

and servel for tubt one day for about 4C minutes.

Apparatus. A device designated as a8 Targei-Concept Identification

Apparatus was used. It consists of a cathode ray cscilloscope, the 5% con-

trol unit which has four lever-action switches and a push-button, a pattern
generatcr, end a _eeording conscle. The pattern generator, wihich is connecied
hv electrical cables io the cscilloscope and S's contrcl unit. is operated by
2 through the use of two Western Union tape transmitters which program the
pantsrns pregented 2o 8. The patterns are presented on the osciliosco ;e
may be clagsified accoruLné to one of two leve1s on each ¢f six dimensioi
These dinensions are form (cirwle or ellipse}, sizs {axall or large), b
nccs (oright or dim), speed (fast or slev\ vertical iirection (uﬁ or &
and horizontal direction {right or left). Since all patterns in this
travellez on a 45° or 315“ diagonal, eech had horizentel and veriical componente.
Since £'s control vnit had oniy four lever-action switches, only four of the
six dimensicns could be clagsified by S. The pattern generator had inter-
changeable leads which. permittzsd u celesiion of the particular dimensions to
re classifled. The §'s 2omtyol univ had interchangeable markers which signl-
fied the functional pu51t1015 of the four lever-action switches. Wwaen iLbe
pattern generator was wired for a particular serics of patterns, the Ss con-
trol unit was modified accordingly.

&
5

The reccrding consdle had two counters, a Stendard Electric ciock (3.0
minutes scale) and o program-starting button. After 8 vas given a "ready" sig-
nal, the progrem-starting button was pressed. This acticn simultaneously pre-
serted tre first patlern o bc classified end started the ti.er clock. ©One

of the counters recorisd correct responses and the other recorded errors.

When 32 patterns had been classified, the clock automatically stopped snd 5
received a signel to stop working. Tach 5 wes instructed in the opereation

of the conrtrol unit as ueLl 25 how W 1“entify the icvels of ail dimenzions.
When a pattern was presented, he wus to position eack of the four lever-acilon
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cwitches according to wue icvels of sach of the Tour dimensions for which ne
nad switches and then press the pusa-bution. If, for example, the zonirol
unit had swilcbhes for speed, size, form, and horizontal direction and a small,
brigui, tast, circie movad from upper left to lower right, S would have to
:derntify the cgpeed as fast or slow and move the sviich with thicge marksre to
one or the ctuer position. Be would have to do the same for each of the
other dimensions of size, form;and horizontai dirzction. After all switches
Dad veen pusitioned (thev always returned to center after firing holding
releys) § would press the puzhk-button. It his ideaiiiicction and position-
ing were correct, a green psnsl laxp would light. If he were wrong, & red
panel lamp would iight. 1In both ceses, however, a new pattern weec rresented.
Whenever the push-button was fired, all holding relays were released which
required S to reposition all four switches ggain even if successive patteras
were the same.

It was possible to have from zero to six of the dimenslons vary wituln
a particular series. Since each dimension couwld only vary between two levels,
it wap possible to present series having 0, 2, 4, 8, 16, 32, and 64 different
patterns. ‘lve Iirz. of these, O dAifferent, is of no intersst to cur prob-
lem. If a dimension is not varied ro information is presented. 17 & 2i-
mepnsicz i1s varied and no switch for classifying it is availaple, theu the
Anformation is irreievant. Jf a dimension is varied and a switch is avail-
able then the informmiion presented is rejevant.

Both levels of all dimensions were easily discriminsted asnd Ss were
instrucied as to essential ideniifyipg cues.

Deston. Withia the limitations of the apparaius, a 3 x b factorial de-

sigr wan uged. Three levels i irzzlevant information were orihogonsl to
four levels of relevant informaticn. 8ix Ss served un?2er each of ithiese 12
relevant-irrelevant conditions. Each 5 classified 32 patterns as quickly
as possible and then had & one minute rest. This cycle wag repeated six
times for a total of 196 classificstions. To reduce the likelihond of g
particuiar combination of dimensions being unucuallyv easy or difficult, a
different combination of relevant =nd irrelsvani dimensions was used for
sach . This would wean, ‘or exasmple, that in the two reievant-cne irrele-
vant conditions, one 5 bad size zad brightness rclevant and form irrelevant
whereas ancther O had furm and speed relevant and verticel direction irrelesvant

Anen

General. All Ss were given tape-recorded instructions which steted they
kad to position all four switches and press the puch-button as Iast as pcssi-
ble. ‘ifhey were told to use cone hand for the lever switches and one for th
push-button. Furthermore, iney were instructed to rever move more than one
switch at a {ime and never (o move a switch before a patieru was presented,
no matter now unchanging the petterns might he. After the Iinstructiicns all
of the 6h possible patterns wvere presented until S could give evidence o
vervally identifying each of the two levels of the six dimensicvns of every
pattern. For scme dimensions there was an absolute baeis for judgment, e.g.,



form and direction. For brightness, speed, and size, siuce the two levels
ot these dimencions were relative, 8 bad to memorize cues, 2.g., the dim
pavierias wWeTE oust oarely visibis —:_;-"".-"“ tha bright ocnes c¢aresd the eantire
oscilloscope to glow with a green light. During the demonstration S was

prevented from practicing moving the switches and the emphaeis wag placed on
verbal identification.

The importance o©f speed was stressed, but § was sls> cautioned to get
as many right as possible. 3 wes further insctructed as to the purpose of the
red and green vansl lamps before him as well as the cease working sigosl whicen

vas a brigat vhite 1i ght which was 1it during the one minute inter-trial rest
periods.

RESULTS

Response Time. The dependent variable of wsjor interest in this study
was the time reguired by S to classify the series of 22 putterns. The meen
response times for each of the 12 conditions of amouvnt of reievant and irre-
levaent information is presentea in Tatle 1. Although there sre a few small

TABLE I
Mean Respouse Times fMinufes) for Each of the Relevant-Irrsievant Cor3itions.

v

Rits Relevant Informatiocn

. Mean
----- 1l P 3 4 Total
0 2.24 2.47 3.15 3.08 2.73
Bits Jrrelevant 1 2,12 2.9% 2.85 3.65 2.90
iniormation )
2 Ze 3k 2.53 " 3.37 3.30 2.93
Mean ) .
Total 2.2% 2.72 3.13 3.3% 0 e-ee-

reversals of trends within particular rovs and columns, these were not sgigni-
ficant. The dlf?e*ences among ‘he row meaans {chree levels of amount of irre-
levant informetion) were alsc not significant but the differences among the
colurns means (four levels of reievant 1nformation) vere highly significant.
411 of these tests cf significance are snown in Tablc 2. 4 may alao be seen
there was = significant variation attributable to indiviaual ditferences as
well as to prectice,

WADT TR She202 4



TABLE II

Analysis of Variance of Response Times (Minutes) Required to Classify 32

Patterns.

Source as M5 F

Ralevant Kl 25.65 17.75%%
l. Linpear 1 T4.97 51.. 70%
2. Quadratic 1 1.89 L. 30
3. Cubic 1 .08  aeee-

Irrelevant 2 1.59 i.10
Relevant x Irrelevant 6 2.30 1.59

S8 / Groups 60 1.45 9.28%

Trials 5 37.65 k1. 7
Trials x Relevant 15 0.17 1.07
Trials x Irrelevant 10 0.29 1.84
Triais x Relevant x Irvelevant 30 0.16 1.0.

85 x Trisle / Grours 300 0.1%

Total k31

¥z 2, 0.001

Tne effect of practice on time 10 classifly the patterns is shown in Fig. 1
for the relevant information, suwmied acryss the three levels of irrelevent in-
formation, and Fig. 2 for the irrelevent information, summed acros:z the four
lavels of relevant information. Two effects are immedinteiyv apparent: (a) with
practice the time to classify the scries of petterns decreases, and (b) ouly
the curves based cn the classification of relevant informeticon show a relation-
suip between time and the ipforration measurs of the stimulus. Dotn of these
effects are highly significant as shown in Teble 2.

‘The relationsiip oecween time to .esvond and amount of irrelevant infor-
mation, as a functicn of practice, =2ppreers to be clearly negligible. From
Tzble 2 there wes a suggestion that the Trials x Irrelevant information inter-
action might ve significant. An F-ratio of 1.336 was found and for 10 and 300
df an F-ratio of 1.86 is necessary #: the .CS level of confidence. Further-
more, from Fig. 2 it appeared as If =11 three curves were converging and that
there might ce a difference in retec oi classificetion as a function of irre-
ievanst information early in learning only. An analysis of varilance cof time
scores or. the first trial indiceted this hypothesic was untenable (F = 1.1G6,
p>0.05, 2 and £0 4f).

WADC TR 54=202 5
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A fipsl point of note was the cirderly increass in response time required
ec the pnumber of relsvaant bits increased. This relationship is apparent in
¥Fig. 1. A test cf this trend was made through the use of orthogonal poly-
nomials {2). For tu: fous pulnis of & curve piotted with relevant bits pre-
sented sgainst respouse tinre, we have three df;: one each for & linear, qua-
dratic, and cubic compoaeni. Toe rssults of “this analysis are also shown
in Table 2 iz which the Relevant (between groups) sums of sgueres is parti-
tioned into these three components and tesizd against the Ss/Grouvs error
term. Only the linear component was significant vwhich indicates that ss the
axount of information to which § must respond ircreases, the time required

aleo increases as & linear function. The best fitting egustion for thiz lipe
was determined during “bhe poiynomial solution and was found to be ¥ = 0.372X +

1.925.

Erors. Another response measure wnicn was cttained was number of errors
made in re respending to the 32 patierns. An error was automatically recorded

it 8 presseu tiie push-button before he had positioned all four switches or

if he positioned one of them incorreectly. Evern 1 more thau vue was incorrect-
ly‘pusitioned, culy one error was recorded. There was no systematic variation
in errors except tc decrease with trials. (F = 223,34, E.‘~'001 % and 300 §£)°
No vnriation in xumber of errors gppeared as either oI the other two main

[}
’:

J G e to & siogle siimu-
lus increa bPE as amoant ol irrsisvant aied wiin the stlmulus
increases. dis measure in nd units wes the t1me between tne presenta-
tion of a single ctimulus and ite response. In all cases his Ss responded to
but one rzlzvant bit of information and had from Zero to three bits irrelevant.

In the presany ostudy, 32 patterns were presented at a self-paced rate;
i.e., a new pattern appeared after S responded tc the previous one, and the
response time was the ioial °7apéc& Liae Trom the pressndtatics of the first
pattern until the response To ihe LuLiriy-seccud poiiern. 'The Se in this study
vwere presented with patterns havirg from one to four bits relevant and from
zero to Lwo btite irrelsvant intormation. To &ssuce that the number of phy-
sical responses would be the same for all groups, §s were required to position
all four switches anéd then press the push-button for every pattern classifi-
cation. 'This was true even if three of the cwitckes glwsays werse correct in
the same position, e.g., ithose patterns having but one bit relevant. In a
sense, the number of relcvant bits of informaticn determined the number cof
decisions that S had to make about a stimulus. I all patterns that & par-
ticuler § saw were small, biight circles but scme went to the left and others
to tha right, the only decision S had to make would be with respect to
direction.

WADC TR 5L=202



Althocugh it may seem reacorable to assume thers were two componernts
to tae responses, {a) the motor response of moving a cwiich, end (b) the
sore mentalisiic responsc of decidirg in wihich position to move ii, there
wae no evidence for this diCutOmJ, or at least if suck did exist, practice
{acilitated both egually welil f this wers not the case; the leasrning
curves in Fige i would not hnvn hau" perallel., Since, if practice facili-
tated performance of cre type of respoase more than anvther the curves vould
have diverged.

it appsars unlikely thai the different procedure for measuring response
time used 14 LhS preeent atudy would sccount for the lack of agreemeni with
the Gregg study. More lixely, it seems, tune differcnces can be sscrlbed

to the response requirements. Jregg first traimed his 5s to respond to
patierns which varied in ope dimensiocn only. “hun in 8 second stage of the

atudy, irreievant iaiormatizs wes introduced and the adegraudation of reaction
time was observed. The Ss never had to make a response to more than one rele-
vant, dimersicn. In the present study, S5 always had te respend to four di-

mensions of the stimulus, some of wnick verisd. Unlike the Gregg study

-l TET e St

thev also iearned, before the first irisl, ali the pcseible patt;r
could occur. )

There are two findings of the present study which have significance
for any thecyriss of information transzission from a single stimdus source:
(a) tne amouat of time reguired toc deccde and respcnd to informaticn in-
creases 83 & linear function ¢f the amount of relevant inforaaiiocis presented;
at lesst up to four tits; snd (v}

regponge tLime appesrs to be unafiected by
variatione in information load as & funeiior of amount of irrelevant infor-

mation, at Jeast up to two bita. The data alsc indicate that practicz will
inprove performence in spee<d. of patitern identification but this sffect i:=
independent of amount of information loed.
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